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113. ABSTRACT 

A l l  the meteorological data for the 19-hour period pr ior  to the Melios A launch from 
Kennedy Space Center  a t  0211 EST on December 10, 1974, are archived in this report. 
These data were  collected in support of the NASA rocket exhaust effluent prediction and 
monitoring program. This is a rather  unique data set in that six soundings were  made 
during the 1 I-hour period preceding the launch, providing high temporal resolution. A l l  
supporting data, such as synoptic char t s  and wind tower data, are also included. is is 
the fourth in a series of seven data reports. 
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COMPENDIUM OF METEOROLOGICAL DATA FOR THE 
HELIOS A LAUNCH IN DECEMBER 1974 

1. INTRQDUCTIQN 

This  report  is a compendium of all the meteorological data collected as 
a function of the joint Marshall Space Flight Center (MSFC)/Langley Research 
Center ( LaRC )/Kennedy Space Center (KSC) rocket  exhaust effluent prediction 
and monitoring program for the Helios A launch. The Helios A was a Titan 
111 E launch from pad 41  at Kennedy Space Center at 0211 EST on December 10, 
1974. The data presented in this compendium were  collected largely to support 
MSFC diffusion predictions for the deployment of LaRC/KSC monitoring sites. 
The joint solid rocket motor  exhaust prediction (MSFC) and measurement 
(LaRC and KSC ) program evolved in 1972 utilizing the Titan and Delta launches 
as a source for  empirical  information that can be employed to more  accurately 
predict  the environmental effects of planned Space Shuttle operations. 

These data are archived both as an  aid in postlaunch analysis and 
because they represent  a unique set of atmospheric soundings with high temporal 
resolution. Included in the repor t  are the synoptic char ts ,  surface observations, 
rawinsonde, windsonde and Jimsphere soundings , wind tower measurements ,  
and satellite cloud imagery during this period. No attempt is  made to analyze 
any of the data presented in this document. 

I I .  DATA 

The data are listed in Appendices A through 6; page numbers for 
specific data are given in the Table of Contents. The dates, t imes,  and sources  
of the data are listed in Table 1. 

The synoptic char t s  are from the series published weekly by the 
National Oceanographic and Atmospheric Administration (NOAA ) . The surface 
data are from the Cape Canaveral A i r  Force  Station (location shown as KSC 
meteorological station in Figure 1) .  



TABLE I. METEOROLOGICAL DATA SUMMARY FOR HELIOS A LAUNCH 
ON 10 DECEMBER 1974 A T  0211 EST (07112) 

Data Type 

Synoptic Char t s  
b 

( 
Surf ace Observations 

Rawinsonde 

W indsonde 

J imsphere  

C 
Tower Dnt 

Satellite Imagery ( I R  

Time 
Date 

Dec 1074 

9 
10 
11 

10 

9 
9 

10 
10 

9 

9 
9 

10 

9, lO 

8 
9 

10 

EST 

0700 
0700 
0700 

0057 
to 2358 

2111 
234 I 
0 13 1 
OG15 

194 1 

1511 
2356 
0225 

1900 ( 9  Dec) 
to 1830 (10 Dec)  

2 020 
2200 
0950 

R el at ive” 

T-I9 h r ,  11 min 
T+ 4 h r ,  49 min 
Tt2H hr, 40 niin 

T- 1 h r ,  14 rnin 
to Ti-21 h r ,  47 min 

T- 5 h r  
T- 2 h r ,  29 min 
rr - 40 min 
T t  4 h r ,  4 min 

T- G Err, 30 min 

T- 16 h r  
T- 2 h r ,  I5 min 
T t  14 min 

T- 6 h r ,  11 min 
to T-15 h r ,  l!i min 

T-29 h r ,  51 min 
‘I?- 4 h r ,  11 min 
‘I?+ 7 h r ,  :?!I min 

- 

a Relative to l aunch  time; lor  cxnmple, 0213 EST Ti 2 min. 

Char t s  for surface and 500 mh; a l so  incluclccl ni’c precipitation and m,utimum 
and minimum temperatures for t h e  prctceding 24 -hour  period. 

b 

C Location of the base station for  uppctr :iir and surTace observations and towers 
is illustrated in Figure 1. 
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The rawinsonde runs were  made with an AMQ-9 radiosonde (Fig. 2) 
using the GMD-4 ra the r  than the NOAA J005B radiosonde system. The tempera- 
tu re  and humidity senso r  data are transmitted ten t imes pe r  minute in the 
AMQ-9 by a clock-actuated switch r a the r  than the aneroid barometer switch 
used in the NOAA radiosonde. Both sys tems measure  azimuth and elevation 
with the directional rece iver  in the GMD. A transponder in the AMQ-9 is used 
to  obtain the slant range to the radiosonde, enabling the calculation of altitude. 
The p res su re  is then calculated according to the hypsometric equation. The 
equations used in the computer program to calculate various thermodynamic 
quantities from the basic altitude, temperature ,  and relat ive humidity data 
are given in Appendix H. 

The windsonde measures  Euler iad  wind direction and speed as a function 
of altitude and i s  s imi l a r  to the rawinsonde (AMQ-9) except that it does not 
have temperature and humidity sensors .  

The J imsphere  wind sensor  (Fig. 3)  i s  a s i lvered spherical  2-meter 
diameter superpressure  halloon with large i r regular ly  spaccci cxternal rough- 
ness  elements.  The roughness elements effectively decrease random vortex 
shedding, o r  aerodynamic noise, associated with n smooth balloon operating in 
a supercr i t ical  Rcynolds number regime. Thus,  the J imsphere balloon follows 
small-scale wind motions with high accuracy. Thc Eulerian wind profile 
obtained by precision tracking of a J imsphere  balloon has  resolution of less than 
100 meters .  

Because i t  is envisioned that u s c  of the r:1winsontle, windsonde, and 
J imsphere  datn will be res t r ic ted  to studies of the stabilized Space Shuttle 
rocket booster cloud, an altitude l imit  o f  (i. h Itm ( 2 0  000 ft) was chosen; all 
data beyond that altitude are not inclutlctl in t h i s  report. ‘rhe excludect data 
are archived at hlSFC and a r e  avaiinble. 

The &ita contained in this report cover  a tiinc ptxriotl th:It is suff.cient 
for  most anticipated rnetc.oroiogica1 analyses. The chronology of  the. d,?tn 
relative to the time of launch is  given in Figure 4. In most  studics c t ~ t n  within 
1.5 hours of launch t ime a r e  sufficient. T o  facilitate retrieval ciC the::e data, 
an index is provided in Table 2 which gives the page number of clntn oliained 
within 1. 5 hours of launch. It is understood that Tor dynamic situations, such 
as the onset  of a sea breeze o r  the passage o i  a f r o n t  within 1. 5 houm of launch, 
the selection o f  tlatn would have to be narrowed to n m o r e  :ippropri:tte period. 

*For practical  applications, the rawinsonde, windsonde, 2nd -Tin,splict.e data 
are t reated as Eulerian. 
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Figure 2. AMQ-9 radiosonde. 
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Figure 3. Jimsphere wind sensor. 
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TABLE 2. METEOROLOGICAL DATA OBTAINED WITHIN 
1.5 HOURS OF T-0 (0211 EST, 10 DECEMBER 1974) 

TIM E DATA TYPE PAGE 

T-1 h r ,  14 min (0057 EST) Surf ace 0 bs e rvat ion 16 

29 a T-I h r ,  11 min (0100 EST) Tower Data 

29 

Raw insonde 

T-1 h r ,  1 min (0110 EST) 

T- 40  min (0131 EST) 

T- 13 min (0158 EST) Surf ace Observation 9 16 k 
a, 
3 
b T-0 (0211 EST) Surf ace Observation 0 16 

T t  44 min (0255 EST) Surface Observation 16 

a. 
T t  40 min (0300 EST) 'rower Data 29 

T t l  h r ,  19 min (0330 EST) Tower' Data 29 

a 

b 

Towers 106, 108, 110, 303, 311, 313, 403, 412, 415, 509 

Tower data :it 5-min intervals during the indicated period 

A 

bs 
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I4 

I I I. LAUNCH CONDITIONS 

The KSC meteorological station reported a clear sky with visibility of 
10 miles at T-0; the surface wind was 300 at 4 knots. At T 4 minutes, the 
wind at  the 62.2-m (204-ft) level of tower I10 in the vicinity of launch complex 
41 was 315 at 15 knots. At T 40 minutes, radiosonde data at  I. 53 km (5029 ft) 
near the observed altitude of exhaust cloud stabilization ( 1.55 km) indicated a 
wind from 314 at 25 knots. 
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RAWINSONDE DATA 
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1.13 
1.05 
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-62 
.56 
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1176.88 
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927.90 
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968.41 
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1 ~ 7  

vs 
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654 
653 
653 
652 
65 1 
65 1 
648 
647 
646 
644 
643 
64 1 
640 
637 
636 
633 
632 
629 

626 
627 

SHEAR 
/SQ 

I 
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, 

I /R 
N 

319 
308 

265 
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246 
2 36 
232 
220 
213 
205 
199 
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179 
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163 
157 
151 
146 

2 14 
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VS 
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65 1 
653 
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653 
65 1 
650 
65 0 
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643 
64 0 
638 
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628 
626 
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310 
336 
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319 
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326 
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316 
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284 

287 
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2 ~ 4  

+EEI 
K T 5  

5 
14 

21 
23 
24 
23 
22 
25 
26 
25 
24 
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22 
22 
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33 
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19 
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-9.3 
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20 
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23 
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7 2  
$6 
i3 
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26 
20 
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20 
19 
19 
20 

D I M  
DEG 

P R E S S  
VI3S 

16 
6a9 

1373 
1534 
1758 
4177 

310 
350 
356 
349 
341 
331 
319 
321 

5 
14 
15 
17 
19 
23 
23 
2i! 
26 
22 
33 
47 
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-11.6 
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254 
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12253 
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16 
1 0 0 0  
2 0 0 0  
SO00 
4 0 0 0  
500Q 
6 O O C  
7 0 0 0  
6 0 0 0  
5OCrO 

1 0 0 0 0  
1 1 0 0 0  
1 2 0 0 0  
13000 
1 4 0 0 0  

- 1E1)OU . 

i f5000 
17000  
1eono 

.1$000 
2 0 0 0 0  

300 
320 
326 
343 
326 
326 
323 
317 
298 
261 
271 
277 
277 
271 
275 
280 
276 
275 
276 
274 
270 

0 
323 
3 s 4  

52 
275 

19 
300 
2 4 5  
238 
9 1 0  
193 
293  
279 
1 4 2  
3 4 5  
3 1 1  
2 0 1  
237(! 
342 
229 
216 

M 
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ALTITUDE DIR SPEED 
FEET DEG KTS 
16 310.0 6.00 0 99.9* 
500 337 .O 18.00 0 99.9* 
1000 345.0 21.00 0 99.9* 
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TOWER DATA 
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Symbol 

DIR 

DIR DEV 

DP 

GST 

INT 

Lapse Rate 

RH 

SPD 

TT 

5 PPM 

10 PPM 

99,99.9 
99 999.9 

30 

Symbols and Units Used on 
Computer Printout 

Definition 

Wind Direct ion 

Standard Deviation 
of Wind Azimuth Angle 
for Specified Data 
Sampling interval 

Dew Point 

Highest wind speed 
during specified 
data sampling 
interval 

Data Sampling 
Interval 

Temperature Difference 
between the 54 '  and 6 '  
levels 

Relative Humidity 

Wind Speed 

Temper at ure 

Downwind distance at which 
the ground level pollutant 
concentration is 5 parts 
per million (5 PPM) for 
an assumed ground level 
emission rate of 1,000 
pounds per minute. 

Downwind distance at which 
the ground level pollutant 
concentration is IO parts 
per million (10 PPM) f o r  
an assumed ground level 
eiiiissioii r a t e  01 1,000 
pounds per minute. 

Missing data 

Tower Data 

Units 

Degrees measured clockwise* 
from north (00) 

Degrees 

Deg. Farenheit ( O F )  

Knots 

Minutes 

O F  

Percent 

Knots 

F 0 

Miles 

Miles 
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APPENDIX G 

SATELUTE IMAGERY 
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SATELLITE IMAGERY (IR) 

NOAA 3 CRBIT 4925 8 DEC 1974, 2020 EST (T-29 E R . ,  51 N I N )  

NoAA 3 OREIT 4944 10 DEC 1974, 0950 EST (T-7 HR., 39 hIIM) 
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- 30 20°C 

NOAA 3 9 D e c  1914, 2200 EST (T-4 Hr., 11 Min.)  
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APPENDIX H 

CALCULATION OF THERMODYNAMIC VARIABLES 
FROM RAW INSONDE DATA 
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I - -  - - __ - - 
- 

T h e  e q u a t i o n s  u s e d  fo r  c a l c u l a t i o n  of t h e r m o d y n a m i c  
v a r i a b l e s  f r o m  m e a s u r e m e n t s  of a l t i t u d e ,  t empera ture , .a .nd  
r e l a t i v e  h u m i d i t y  o b t a i n e d  f r o m  t h e  GBID-4, AMQ-9 r a w i n s o n d e  
s y s t e m  are s u m m a r i z e d  h e r e i n ;  t h e s e  e q u a t i o n s ,  o r i g i n a l l y  
d e v e l o p e d  €or t h e  GhID-2 s y s t e m  ( R e f .  l), m u s t  be  u s e d  i n  
c o n j u n c t i o n  w i t h  the l ist  of s y m b o l s  a n d  u n i t s  p r o v i d e d  a t  
t h e  e n d  of t h i s  a p p e n d i x .  

s 

. 

A t m o s p h e r i c  D e n s i t y ,  p 

P p = 318.38 - T 
V 

P r e s s u r e ,  P 

' (h-h')/(221.266 T ) 
P = P 10- vm 

G e o p o t e n t i a l  H e i g h t ,  h 

V i r t u a l  T e m p e r a t u r e ,  Tv 

1 

T = T ( l  + , 3 7 6 9 3 2  e / P  ) 
V 

hiean V i r t u a l  T c m p e r a t u r e ,  Tvm 

T '  + Tv - V 
V M  2 

- 

Vapor  P r e s s u r e ,  e 

7.5t/( t t 237.3) 
c? = 6.11 f]) 10 
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J 

Dew Point Temperature, td 

- 237.3 l og  e - 186.527 
8.236 - l o g  e td - 

Potential Temperature, 0 

V Virtual Potent.ia1 Temperature 0 

.288 
Ov = Tv 

Absolute Humidity, pw 

= 216.7 e/p w 

Microwave Refractive Index, n 

+ 374808e)l T 10-6 

For data  tabulation, use: 

6 N = (n-1)lO 

Speed of Sound, V S 

0.5 
V S = 613.855 (27:.16) 



LIST OF SYMBOLS AND UNITS 

v a p o r  p r e s s u r e  m i l l i b a r s  (mb) e 

r e l a t i v e  h u m i d i t y  expressed 
as a d e c i m a l  

2 m e t c r s / s e c o n d s  
2 

( m / s e c  1 

feet  ( f t )  

a c c e l e r a t i o n  of g r a v i t y  a t  
g e o g r a p h i c a l  loca t ion  of $he 
r a w i n s o n d e  s t a t i o n  

h g e o p o t e n t i a l  h e i g h t  a t  t h e  t o p  
of t h e  l a y e r  bounded  b y  h a n d  h '  

11 ' geopotent ia l  h e i g h t  a t  t h e  
bottom o f  t h e  l a y e r  bounded  
by h a n d  h '  

H geometric a l t i L u d e  a t  the t o p  
of t h e  l a y e r  bounded  by  €I a n d  I J '  

Geometric, a l t i t u d e  a t  t h e  
bottom of t h e  l a y e r  b o u n d e d  
b y  I I  and H '  

m i c r o w a v e  r e f r a c t i v e  i n d e x  n 

N u n i t  of r e f r a c t i v e  i n d e x  u s e d  f o r  
s i m p l i f i c a t i o n  of d a t a  L a b u l a t i o n  

P p r e s s u r e  a t  g e o p o t e n t i a l  h e i g h t  h (mb) 

P ' p r e s s u r e  a t  g e o p o t e n t  i.a L h e i g h t  11 ' (mb) 

r a d i u s  o f  t h e  e a r t h  ( f t )  

t e m p e r a  t u r c  d e g r e e s  C e l s i u s  (OC) 

t empern  t u r e  d e g r e e s  K e l v i n  (OK) 

dew p o i n t  t e m p e r a t u r e  (OC> 

r 

t 

T 

e 

t d  

V 
T v i  r t u n l  t e m p e r a t i i r e  a t  ( O K )  

g e o p o t c n t i a l  h c i  glit h 



T '  
V 

vm T 

S 
v 

* 

P 

virtual temperature at geopotential 
height h '  

the mean virtual temperature of 
l ayer  bounded by h and h '  

speed of sound 

atmospheric density 

absolute humidity 

potential temperature 

virtual potential temperature 

knots 
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